Nutritional experiments were carried out dealing with : (1) the utilization of sulphur compounds; (2) the action of different mineral salts and their interaction. The results showed that the species of Pythium used grew well a t 28O buffered with Sorensen's salt to give an initial pH of 6-5 and incubated for 13 days for Pythium afertile and 10 days for the remaining species. Acid conditions below pH 5.0 and alkaline conditions above pH 8-0 were not tolerated. The best carbon and nitrogen sources are given. The best sulphur sources were Na,S, Na2S,0,, Na,SO,. 10 H20, Na,SO, . 7H20, Na,S,O,. 5H,O, K2S20a, molecular sulphur, m-methionhe, thioacetamide, L-cysteine, sodium thioglycolate, and DL-cystine Factorial experiments were carried out in which the fungi were incubated at 28' for 13-14 days. Statistical analysis of the results showed that under the given conditions optimal growth measured as mg. dry wt. was obtained in liquid media containing glucose, 10.0 g. 11. ; KC1, 0-5 gJ1. ; with varying amounts of K,HPO,, KNO, and MgSO, . 7H,Ofor the different species specified. There was a balance between K2HP0, and MgSO, . 7H20 for P. debarya w m and there were significant interactions between the salts above taken two at a time for P . debaryanurn and P . ultimum but the interactions for the remaining fungi were more variable. There was interaction between all three salts together for two of the species. P . debaryanum is more exacting in its nutritional requirements than the other species.
Some species of Pythium are purely saprophytic, others are normally parasitic but may be saprophytic. Thus Pythium would seem to be a good genus for comparative nutritional studies. Previous work a t Newcastle upon Tyne (see Fothergill et al.) indicated that for some parasitic fungi the balance of the major inorganic salts in a culture medium was more important for the good growth of the mycelium than the concentration of individual salts, but in the case of some saprophytic species, the balance of salts was much less important. Results, however, over a range of fungi varied. The present experiments are a continuation of work designed to investigate these points. Excluding work done on Pythium as a plant pathogen, a few physiological investigations have been reported mainly dealing with the presence and function of pectinase in these fungi (Chona, 1932;  Menon, 1934; Fernando, 1937;  Ashour, 1954;  Damle, 1952;  Gupta, 1956; Wood & Gupta, 1958) . The carbon, nitrogen, sulphur and vitamin requirements were investigated by Saksena (1942), Saksena & Mehrota (1949) , and Saksena, Jain & Jaffri (1952) , but Cantino (1955) 
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P. G. FOTHERGILL AND D. HIDE strongly criticized these works because of the lack of pH control during the experiments. No comprehensive nutritional investigation has yet been carried out on Pythium.
mTHODS
The following organisms were used. Pythium debaryarnurn Hesse originally isolated from Lepidium sp., P . ultirnurn Trow from Pisurn sativum L., P . afertile Kanouse & Humphrey and P . tomlosum Coker & Patterson. All organisms were obtained from the Centraal Bureau voor Schimmelculture, Baarn. The first two species are parasites causing damping-off disease of seedlings, while the last two species are normally saprophytic soil fungi but they have been reported as growing on Gramineae (Middleton, 1943) . Throughout this paper the following abbreviations are used: P . debaryafium is designated D; P . ultimurn, U; P. afertile, A and P. tomlosum, T.
Initially single tip isolates were used as inocula for each species on Difco potatoextract-glucose agar medium. Stock cultures were kept on slopes of this medium in 6 in. x 2 in, test tubes and the cultures were stored at room temperature because (1928) showed that cultures of Pythium live longer a t room than at lower temperatures. Subcultures were made as required. No alteration of morphological and cultural characteristics of these fungi occurred during the period of the experiments. In all experiments cultures were grown in 30 ml. aliquots in 150 ml. Erlenmeyer flasks. After the growth period the mycelia were filtered on to tared Whatman no. 5 filter-papers and washed with distilled water. The mycelium with the filter-papers was then dried for 24 hr. at 85", cooled in a desiccator and weighed; results are expressed as mg. dry wt. mycelium/flask average of 4 or 5 replicates. It was not found practicable to separate mycelium from filter-paper after filtration and as the filter-papers used lose 5 % of their original weight on drying under the above conditions, appropriate allowance was made for this. For preliminary experiments the following basal defined liquid medium A was used : glucose, 10 g.; NH4N03, 1-0 g.; MgSO4.7H,O, 0.5 g.; KC1, 0.5 g.; water to 1 1. This medium was buffered with Sorensen's phosphate buffer (KH,PO, +NaHPO,) to give an initial pH of 6.5. Experiments showed that all the Pythium sp. grew well at this pH value. The parasitic species tolerated acid conditions, even at pH 5.0, better than the saprophytic species which gave very low mycelial yields at this pH level. None of the species would grow at pH 8.0.
Experiments were carried out to determine the best method of inoculation and it was found that agar disks gave the most consistent mycelial dry weights provided the disks were between 3 and 8 mm. in diameter. Disks of 4 rpm. diameter cut from the edge of 48 hr. old cultures were used in all later experiments. Experiments also showed that 4 mm. disks did not significantly affect the nutritional results, that is, the nutritional effect of the Difco agar could be discounted and this was true also for the vitamins which may have been present in the agar. This latter point was tested for the presence of thiamin in the agar. Pythium vexans needs an exogenous supply of thiamin for growth (see Leonian & Lilly, 1945 ). This fungus was tested in (a) the basal medium alone, and in (b) the basal medium plus thiamin using agar inocula. The average weight of 5 replicates showed that in (a) growth was slight, but in ( b ) 71 however, showed that P. butler$ needed an external supply of this vitamin. The optimum temperature for mycelial growth was 28' but organism T had a rather slower growth rate than the other species. Optimum growth was reached after 13 days incubation for organism A and after 10 days for organisms D, U and T on basal medium A, and it was noted that in these preliminary experiments the mycelial yields of the parasites D and U were about twice those of the saprophytes A and T. Experiments on the effect on mycelial growth of autoclaving the medium were carried out in which the composition of basal medium A was varied by substituting ( m 4 ) $ 0 4 and asparagine respectively for NH4N0, using U as the test organism. Autoclaving these media at 10 lb. pressure for 5 min. had no effect on the dry weight yields of this fungus but for periods above 15 min. dry weight was seriously reduced. Hence all media were subsequently autoclaved a t 10 lb. pressure for 5 min.
RESULTS

Sulphur requiremefits
Preliminary experiments showed that all four isolates grew only slightly without sulphur in medium A. The sulphur requirement was then investigated by varying the sulphur source in this medium to give 0.5 g./l. sulphur and in which MgSO,. 7H20 was omitted and KC1 was replaced by 0.5 g.P. MgCl,. The final pH after autoclaving was between 6.5 and 6.6. The media were inoculated and then incubated a t 28". Dry weights of 4 replicate cultures were determined in all cases after 6,9 and 15 days incubation. The final pH of the media were also determined. The results are shown in Table 1 which records the highest percentage yields expressed in terms of the yield from Na2S0,. loH,O as 100 yo for the inorganic sulphur sources and from DL-methionhe as 100 yo for the organic sulphur sources. With Na,SO, . 10H20 the actual highest yields were 88 mg. for organism D, 92 mg. for U, 78 mg. for A and 61 mg. for T, all after 9 days incubation, while with DL-methionine the corresponding highest yields were 78 (after 6 days), 87, 73 and 49 mg. The last three were all after 9 days incubation. In all cases, except two, with inorganic sources of sulphur the highest yields were obtained after 9 days incubation but with organic sulphur sources the highest dry weights varied with the organism and the incubation period.
For the inorganic sulphur sources all the compounds used, except sodium dithionate and ammonium sulphamate, gave good or satisfactory growth with all the fungi, but organism A only gave a moderate yield with molecular sulphur. These Pythium species are, therefore, euthiotropic (Volkonsky, 1933) . Increasing the oxidation level of the sulphur atom had no significant effect on mycelial growth. Thus molecular sulphur (S), a thiosulphate ( S,0a2-), a metabisulphite ( S2052-),
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P. G. FOTHERGILL AND D. HIDE a sulphite (SOs2-) and a sulphate (Sod2-) were all good sulphur sources for most of the species. Results using molecular sulphur, however, should be treated with caution. The results for the organic sulphur sources were more variable but, in general, the highest yields were obtained with DL-methionhe, thioacetamide, L-cysteine (except for organism U), DL-cystine, sodium thioglycolate (except for organisms A and T). The remaining compounds used gave only moderate or poor growth responses. Sulphanilic acid, DL-ethionine, thiocyanide , thioacetanilide and thiohydantoin were only utilized to a small extent. The amino acids DL-methionhe, DL-cystine, L-cysteine were very good sources for the species and in most cases these compounds were utilized more rapidly than any of the remaining compounds used. It may be that these compounds are absorbed and assimilated as intact molecules (see Steinberg, 1941) . Djenkolic acid, also an amino acid, gave fair yields, but only after 15 days' incubation and it is worth noting that this compound is made up of two cysteine residues linked to a CH, group through 
Factorial experiments
The object of these experiments was to determine the effect of varying the concentration of the mineral salts in the basal medium. The factorial design and statistical analysis of the results should indicate whether or not a balance between the salts is necessary for high mycelial yields under the given experimental conditions. The direct effect of the individual salts in the medium and the interaction between them is also determined. Previous experiments showed that basal medium A was a satisfactory medium for the four Pythium spp., but as it contained NH4N0, as the nitrogen source it required buffering with Sorensen's salt. Haskins & Weston (1950), using Karlingia rosea, showed that when KNO, was used as a nitrogen source the pH of the culture medium remained approximately constant a t pH 6-5 to 7.0. In the following experiments KNO, was substituted for m 4 N o 3 and after preliminary experiments basal medium B was evolved containing glucose 10 g.; KNO,, 2-0 g.; K,HPO,, 0.5 8.; MgSO,. 7H,O, 0.5 g.; KCl, 0-5 g.; distilled water to 1 1. The pH of this solution was adjusted to 6.6 with 0.1 N-HC~. With this medium the pH value in the case of organisms D, U and T never fell below 5-35, while with A it never fell below 6.25. The cultures were incubated a t 28" for 14 days with organisms D and T and for 13 days with organisms A and U. The concentrations of the salts were fixed on the basis of halving and doubling those in basal medium B. Thus KNO,, MgSO4.7H,O and K&PO, were each used at three concentrations and all possible combinations of them were set up giving a total of 27 variations. Each combination was done in quadruplicate; thus with any one species of fungus 108 culture flasks were incubated. Each 150 ml. Erlenmeyer flask contained 30 ml. medium. The results are the average mg. dry wt./mycelium of 4 replicates and the final pH values were determined in each case. The grouped results are shown in Table 2 and the grouped analyses of variance are given in Table 3 . For abbreviations of the salt concentrations used in the text below see Table 2 .
From the single salt analysis it is evident that there was no consistent result for all the organisms. This analysis showed that the differences between mycelial dry weights with KNO, were significant for all concentrations of the salt for organisms A and D. The highest mean weight for organism A occurred at the N, concentration and for organism D at the Nl level of KNO,. For organism T significance between the Nl and N, levels occurred with the highest mean dry weight at the Nl concentration of salt. For organism U a signlficant difference occurred between the Nl and N, levels with the highest dry weight a t the N, concentration. At the N3 level of KNO, with this organism there was a large decrease in mycelial dry wt. With K,HP04
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P. G. FOTHERGILL AND D. HIDE a significant difference was found between the PI and P, levels for organism A with the highest dry weight at the P, level and between the P, and P, levels for organism T with the highest dry weight at the P, level. For organisms U and D no significant differences in dry weights were found between any of the concentrations of K2HP0, used, but for both organisms the highest dry weights occurred at the P, level of this salt. With MgSO,. 7H,O the only significant difference in mycelial dry weight was Table 2 (1955) have also shown that a physiological balance exists between these two salts and is important for the good growth of Phymatotrichum omnivorum and Venturia inaeqwlis. To confirm this result another experiment was designed to test the change in the amount of growth which might result when the concentrations of the salts were varied while still maintaining the balance between them. Thus the basic concentration of K,HPO, and MgSO, .7H,O was 0.5 g./l. and 0.25 g./l. respectively; these concentrations were decreased to half in one set of solutions and increased twice and then 4 times in other solutions. This gave four treatments, each one having the same balance between the salts but the ratio of their concentrations was 0*5:1:2:4. Each of these treatments was tested singly with 0.5, 1.0, 2.0 and 4.0 g./l. of KNO,. The remaining ingredients of basal medium B remained constant. The initial pH of the media was adjusted to 6.5 prior to autoclaving and the cultures were incubated in 5 replicates at 28' for 14 days. The results expressed as mg. mean dry wt./mycelium are shown in Table 4 , where treatments are numbered 1 to 16 in brackets. The results showed that the mycelial yields for KNO, a t No and Nl levels were significantly different from each other and from the P, and N, levels but these latter two levels were not different. To show the interaction of KPPO, and MgSO, . 7H20 ' t ' tests were performed. There were no significant differences between: ( a ) treatments 2 , 3 and 4 a t the No level of KNO,; (b) treatments 5 , 6 , 7 and 8 a t the Nl level
